Austenitic stainless steels, widely used in food processing, undergo microstructural changes during welding, resulting in three distinctive zones: weld metal, heat-affected zone, and base metal. This research was conducted to determine the attachment of Listeria monocytogenes in these three zones before and after exposure to a corrosive environment. All experiments were done with tungsten inert gas welding of type 304 stainless steel. The four welding treatments were large or small beads with high or low heat. After welding, all surfaces were polished to an equivalent surface finish. A 10-l droplet of an L. monocytogenes suspension was placed on the test surfaces. After 3 h at 23ЊC, the surfaces were washed and prepared for scanning electron microscopy, which was used to determine attachment of L. monocytogenes by counting cells remaining on each test surface. In general, bacteria were randomly distributed on each surface type. However, differences in surface area of inoculum due to differences in interfacial energy (as manifested by the contact angle) were apparent and required normalization of bacterial count data. There were no differences (P Ͼ 0.05) in numbers of bacteria on the three surface zones. However, after exposure to the corrosive medium, numbers of bacteria on the three zones were higher (P Ͻ 0.05) than those on the corresponding zones of noncorroded surfaces. For the corroded surfaces, bacterial counts on the base metal were lower (P Ͻ 0.05) than those on heat-affected and weld zones.
Listeria monocytogenes has recently emerged as a significant foodborne pathogen (3, 6, 11, 14, 17, 19, 22, 27, 29) and is considered an adulterant in ready-to-eat meat and poultry products (1). This pathogen readily attaches to many surface types, such as stainless steels, glass, polypropylene, rubber, and many other food contact surface materials (16, 20, 23, 26, 28, 31) . The risk of product contamination is higher when L. monocytogenes becomes established in a niche within the processing environment (10). Understanding and eliminating potential harborages is essential for effectively controlling product contamination. Welded austenitic stainless steels are widely used in the processing of food products (35). However, processing plant hygiene can become compromised because of welding problems (13). In any welding process, the microstructure of the weldment is very different from that of the base material (21). Typically, a weld contains three zones: the weld zone (or weld metal), the heat-affected zone (HAZ), and the base metal. The weld zone is the molten metal during execution of the weld (8, 18) . The HAZ, which is the region between the molten weld metal and the unaltered parent steel, is heated during welding to a variety of temperatures ranging from ambient temperature to just below the melting range (2, 8, 18, 25) . The base metal is the area that is not affected by the heat of welding (18, 25) . Most welds of food contact stainless steel are ground or polished to a surface roughness (R a ) of Յ1 m in accordance with the standard of good manufacturing guidelines (30). However, the topological, chemical, and microstructural changes associated with welding may cause the weld zone and HAZ to be preferential sites for bacterial attachment and colonization (5). Furthermore, the formation of chromium-rich carbide (Cr 23 C 6 ) on the grain boundaries during welding can deplete the chromium in the region surrounding the grain boundary to below the level needed to maintain the corrosion resistance characteristics associated with austenitic stainless steels (12). Consequently, severe corrosion can occur in this region (12), and this corroded area can provide harborage for bacteria. This research was conducted to determine the ability of L. monocytogenes to attach to different zones of the weld (i.e., weld zone, HAZ, and base metal) in type 304 austenitic stainless steel substrates and the effect of corrosion in these three zones on bacterial attachment.
MATERIALS AND METHODS
Coupon preparation. Pieces (300 by 300 mm) of 2-mmthick austenitic stainless steel 304 sheet and fillers with the same composition (McMaster-Carr, Atlanta, Ga.) were subjected to four different welding protocols of heat input and travel speed. Welding was performed with tungsten inert gas equipment and the welding parameters listed in Table 1 . The weld treatments were high heat input at low speed (L1), low heat input at low speed (L2), high heat input at high speed (S1), and low heat input at high speed (S2). The size of the weld metal and the microstructure of the entire weld (i.e., weld metal plus the unmelted HAZ surrounding it) are affected by a combination of the welding current
